Anthropometric Evaluation of the Design of the Classroom Desk for the Fourth and Fifth Grades of Benghazi Primary Schools  by Altaboli, Ahamed et al.
2351-9789 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AHFE Conference
doi: 10.1016/j.promfg.2015.07.778 
 Procedia Manufacturing  3 ( 2015 )  5655 – 5662 
Available online at www.sciencedirect.com 
ScienceDirect
6th International Conference on Applied Human Factors and Ergonomics (AHFE 2015) and the 
Affiliated Conferences, AHFE 2015
Anthropometric Evaluation of the Design of the Classroom Desk for 
the Fourth and Fifth Grades ofBenghazi Primary Schools 
Ahamed AltaboliPa, P0F*, Maleha Belkhear PaP, Amera BoseninaPaP, Nora Elfsei Pa
P
a
PIndustrial and Manufacturing Systems Engineering Department, University of Benghazi, Benghazi, Libya
Abstract
The objective of this study is to evaluate the existing design of the classroom desk used in the basic education stage
in public schools in the city of Benghazi. This article reports results of the second phase of the study which covers 
the fourth and the fifth grades. Anthropometric data were gathered for a total of 120students (children of age 9 to 11
years old,half males) from four schools. Several body dimensions were measured for each student (popliteal height, 
popliteal-buttock length, shoulder height sitting, knee height, elbow height sitting, shoulder to elbow length, and hip 
breadth sitting). The evaluation procedure involves the utilization of several equations relating body dimensions to 
desk dimensions. Each equation computes an acceptable range for each desk dimension based on the associated 
body dimension. Each desk dimension is compared to the range computed for the related body dimension for each 
student and percentages of matches/mismatches are determined accordingly. Results of the evaluation revealed
considerable percentages of mismatches between the desk dimensions and students anthropometry.
© 2015 The Authors. Published by Elsevier B.V.
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1. Introduction
This article reports the outcomes of the secondphase in a wider ongoing study. The overall objective of the 
ongoing study is to evaluate the existing design of the school furniture that currently being used in the Libyan public 
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schools in the basic education stage and to propose potential improvements in the design accordingly. Results of the 
first phase that covered the first three grades in the city of Benghazi schools are reported in [2]. This article covers 
the results of the fourth and the fifth grades.
Anthropometric evaluation procedures of school furniture have been applied in many studies 
[1,2,3,4,6,7,8,9,10,11].One widely applied procedure utilizes several equations relating body dimension(s) to the 
furniture dimension to be evaluated. Each equation is used to individually compare body dimension(s) of each 
student to the furniture dimension; the furniture dimension is considered suitable for the student if the results of the 
comparison showed that it was compatible with the body dimension. This procedure was developed and applied first 
by Parcells et al. [9] and was further developed and applied later by Gouvali&Boudolos[6] and Agha [1]. A similar 
procedure was used in the first phase of this study [2] and is used in this current study as well.
2. Methodology
2.1. Participants
The school system in Libya consists of two stages: basic education and middle education. The basic stage 
consists of nine grades (first to ninth), the first six are usually referred to as "primary" stage, and the last three 
(seventh to ninth) are usually called "preparatory" stage. The school system has both public and private schools. 
The purpose of the current study is to evaluate the classroom desk used in public schools for the fourth and the 
fifth grades of the basic education stage. Anthropometric data for students from these two grades was gathered and 
used to evaluate the current design of the classroom desk. Anthropometric data were measured for a sample of a 
total size of 120 students (half males) aged between 9 to 11 years old. The sample was randomly selected from 
fourpublic schools in the city of Benghazi during the school year 2013/2014. Measurements were taken after getting 
permission from the officials and principles in each school and all students voluntarily participated in the study.
2.2. Measures of Classroom Desk
Public schools in Libya use one design of classroom furniture (desk) with the same dimensions (one size) for all 
of the nine basic education grades. This desk consists of a fixed height bench seat connected to a fixed height desk, 
designed to accommodate two students sitting side by side. 
Six desk dimensions will be evaluated in this study to see if they are compatible with related student's 
dimensions. These six desk dimensions are seat height, seat depth, seat width, backrest height, desk height, and 
under desk height.The dimensions of the desk are shown in Fig. 1 and Table 1.
Side view                                                  Back view
Fig. 1. Dimensions of the classroom desk (in cm).
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Table 1. Dimensions of the classroom desk.
Dimension Measurement (in cm)
Seat height (SH) 44.5
Seat depth (SD) 33
Seat width (SW) 55 (=110/2)*
Backrest height (BH) 36
Desk height (DH) 74
Under desk height (UH) 59
* The total width of the bench seat is divided by two to obtain 
the width available for one student.
2.3. The Measured Body Dimensions
Seven body dimensions plus body stature were measured for each student. Measurements were taken using 
measuring tapes in the classroom while students were sitting on the desks wearing their everyday normal cloths and 
shoes.  The dimensions are shown and defined in Fig. 2 and Table 2.
2.4. Evaluation Criteria 
The same evaluation criteria and procedure as the ones used in the first phase of this study[2] are used in this 
current study. They are similar to the procedure used in [1,6,9]. The procedure uses several equations relating body 
dimension(s) to furniture dimension to be evaluated. Each equation is used to individually compare body 
dimension(s) of each student to the desk dimension; the desk dimension in question is considered a match to the 
associated student dimension, if the results of the comparison showed that the desk dimension sets within the limits 
calculated by the related equation. 
Table 3 gives the equations used to compare each dimension of the desks. All are the same as the ones used in the 
first phase of this study [2]. All were originally adopted from [1,6,9] with very few adjustments to fit requirements 
of the current case.
Fig. 2. The measured body dimensions
5658   Ahamed Altaboli et al. /  Procedia Manufacturing  3 ( 2015 )  5655 – 5662 
Table 2. definitions of the measured body dimensions.
Body Dimension Definition
Popliteal height (P) The vertical distance from the floor to the popliteal angle at the underside of the knee where knee flexion at 90°.
Popliteal-buttock length (B) The horizontal distance from the rear of the buttock to the back of the knee.
Shoulder height sitting (S) The vertical distance from the seat surface to the top of the shoulder.
Knee height (K) The vertical distance from the floor to the upper surface of the knee with knee flexed at 90°.
Elbow–height sitting (E) The vertical distance from the seat surface to the underside of the elbow while the elbow was flexed at 90° and shoulder was flexed at 0°.
Shoulder to elbow length (A) The vertical distance from the top of the shoulder to the underside of the elbow while the elbow was flexed at 90°.
Hip breadth sitting (H) Maximum horizontal distance across the hips in the sitting position
Table 3. equations used for the evaluation.
Disk Dimension Equation Related Body Dimensions
Seat height (SH) (P FRV6+(P + 2) cos 5°           (1)  
x Popliteal height (P) 
x Popliteal-buttock length (B)
x Hip breadth sitting (H)
x Shoulder to elbow length (A) 
x Elbow–height sitting (E)
x Shoulder height sitting (S)
x Knee height (K) 
Seat depth (SD) %6'%(2)
Seat width (SW) H + A + 5  < SW                   (3)
Backrest height (BH) 6%+6
Desk height (DH) E + (P + 2) cos 30° '+3+ 2) cos 5° + 0.8517 E + 0.1483 S     (5)
Under desk height (UD) (K+2)+8'3cos5°+0.8517E +0.1483S – 4      (6)
3. Results
3.1. Results of Anthropometric Measurements
Table 4 summarizes the gathered anthropometric data after all the necessary corrections for cloths and shoes were 
made. Mean and standard deviation are summarized for each dimension, and are presented per gender for each 
grade.
3.2. Results of the Comparison
3.2.1. Calculations of the acceptable upper and lower limits
The students’ anthropometric data gathered in this study were used to calculate the acceptable upper and lower 
limits for each desk dimension.The mean and standard deviation of the acceptable upper and lower limits for each 
desk dimension are given in Table 5.
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Table 4.Summary of the measured dimensions (in cm).
Body
Dimension
Grade 4 Grade 5
Female
(N=30)
Male
(N=30)
Total
(N=60)
Female
(N=30)
Male
(N=30)
Total
(N=60)
Age (in years) 
Mean 9.90 9.93 9.92 10.97 10.97 10.97  
Std. dv. 0.31 0.37 0.33 0.18 0.18 0.18  
          
Stature Mean 138.6 142.0 140.3 146.3 145.5 145.9
Std. dv. 8.8 7.9 8.5 7.2 9.2 8.2
Popliteal height
Mean 36.4 36.2 36.3 38.3 37.8 38.0
Std. dv. 2.5 3.3 2.9 2.8 2.3 2.5
Popliteal-buttock 
length
Mean 37.5 37.4 37.4 38.6 38.7 38.6
Std. dv. 3.9 3.2 3.5 3.7 3.3 3.5
Shoulder height
sitting
Mean 43.7 42.7 43.2 44.9 44.9 45.0
Std. dv. 3.3 4.3 3.8 3.6 3.6 4.1
Knee height
Mean 42.1 43.6 42.8 45.1 44.8 44.9
Std. dv. 3.3 3.3 3.4 3.5 3.4 3.4
Elbow height 
sitting
Mean 16.3 16.1 16.2 14.9 16.2 15.5
Std. dv. 1.7 2.7 2.2 5 2.4 4
Shoulder to elbow 
length
Mean 25.3 25.9 25.6 27.6 25.9 26.7
Std. dv. 3.2 3.5 3.3 3 2.7 3
Hip breadth
Mean 29.6 28.1 28.8 31.7 31.6 31.6
Std. dv. 4.5 6.4 5.6 5.1 5 5
3.2.2. Percentages of match/mismatch
Using the procedure and equations described earlier, the desk dimensions were compared to the individual 
acceptable limits calculated for each student. The desk dimension in question is considered a match to the associated 
student dimension(s), if the results of the comparison showed that the desk dimension sets within the limits 
calculated by the related equation. If the desk dimension sets outside those limits, it is considered a mismatch; either 
above the upper limit or below the lower limit.A mismatch above the upper acceptable limit indicates a desk 
dimension larger than the related body dimension(s)/size;while, a mismatch below the lower acceptable limit
indicates a desk dimension smaller than the related body dimension(s)/size.Table 6 gives the results of comparison 
of the desk dimensions to the related acceptable ranges.  The results are summarized as percentages of match or 
mismatch. 
As shown in Table 6 high percentages of mismatch are found for seat height, desk height and under desk height 
in both grades, all above the upper acceptable limits. This shows that students are sitting on a desk with both seat 
and desk surface too high for them. 
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Table 5.Mean and standard deviation of the upper and lower acceptable limits (in cm).
Desk
Dimension
Existing
Measurement Limit
Grade 4 Grade 5
Female Male Total Female Male Total
Seat height 44.5
Upper
Mean 38.2 38.1 38.2 40.1 39.6 39.9
Std. dv. 2.5 3.3 2.9 2.8 2.2 2.5
Lower
Mean 33.2 33.1 33.2 34.9 34.5 34.7
Std. dv. 2.2 2.9 2.5 2.4 2.0 2.2
Seat depth 33
Upper
Mean 35.6 35.5 35.5 36.6 36.7 36.7
Std. dv. 3.7 3.0 3.4 3.6 3.2 3.4
Lower
Mean 30.0 29.9 29.9 30.9 30.9 30.9
Std. dv. 3.1 2.6 2.8 3.0 2.7 2.8
Seat width 55
Upper
Mean - - - - - -
Std. dv. - - - - - -
Lower
Mean 59.9 58.9 59.4 64.3 62.5 63.4
Std. dv. 6.1 8.5 7.3 7.4 6.7 7.0
Backrestheig
ht 36
Upper
Mean 34.9 34.2 34.6 36.1 35.9 36.0
Std. dv. 2.6 3.5 3.0 3.7 2.9 3.3
Lower
Mean 26.2 25.6 25.9 27.1 26.9 27.0
Std. dv. 2.0 2.6 2.3 2.8 2.2 2.5
Desk height 74
Upper
Mean 58.5 58.2 58.4 59.5 58.6 59.1
Std. dv. 3.5 5.3 4.4 5.5 4.0 4.8
Lower
Mean 49.5 49.2 49.4 49.8 49.4 49.6
Std. dv. 3.0 4.7 3.9 5.5 3.8 4.6
Under desk 
height 59
Upper
Mean 54.5 54.2 54.4 55.5 54.6 55.1
Std. dv. 3.5 5.3 4.4 5.5 4.0 4.8
Lower
Mean 46.1 47.6 46.8 49.1 48.8 48.9
Std. dv. 3.3 3.3 3.3 3.5 3.4 3.5
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Table 6.Percentages (%) of match/mismatch in each grade.
Desk
Dimension
Grade 4 Grade 5  
Female Male Total Female Male Total  
 
Seat height
Match 0 0 0 7 0 3  
Mismatch 100 100 100 93 100 97  
Above 100 100 100 93 100 97  
Below 0 0 0 0 0 0  
 
Seat depth 
Match 60 73 67 60 70 65  
Mismatch 40 27 33 40 30 35  
Above 23 17 20 17 13 15  
Below 17 10 13 23 17 20  
 
Seat width 
Match 20 37 28 13 23 18  
Mismatch 80 63 72 87 77 82  
Above - - - - - -  
Below - - - - - -  
 
Backrest 
height
Match 37 37 37 50 57 53  
Mismatch 63 63 63 50 43 47  
Above 63 63 63 43 43 43  
Below 0 0 0 0 0 0  
 
Desk height 
Match 0 0 0 0 0 0  
Mismatch 100 100 100 100 100 100  
Above 100 100 100 100 100 100  
Below 0 0 0 0 0 0  
 
Under desk 
height
Match 7 17 12 23 20 22  
Mismatch 93 83 88 77 80 78  
Above 93 83 88 77 80 78  
Below 0 0 0 0 0 0  
All above the upper limits mismatches are also found with backrest height; however, they decrease with increase 
in age and body size (grade). 
The mismatches in seat depth are relatively lower compared to the other dimensions. However, this is the only 
desk dimension in which mismatches are found both above and below the acceptable limits, with higher percentages 
of mismatches above the limits in the fourth grade and higher percentages of mismatches below the limits in the 
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fifth grade. This indicates that seat depth is longer for higher percentages of students in the fourth grade and shorter 
for higher percentages of students in the fifth grade (as students grow taller seat depth becomes shorter).
Relatively higher percentages of mismatches in seat width are found. The mismatches increase with increase in 
age and body size (grade); form about72% in the fourth grade to about 82% in the fifth grade. This indicates that the 
space available for each student becomes smaller with increase in age and body size.
From these results it is clear that the existing desk size is incompatible with the anthropometrics of the students. 
The one size fits all is obviouslynot suitable for children of primary schools. Other design alternatives should be 
sought to eliminate or reduce this problem. These alternatives can range from designs of completely adjustable 
separated chairs and desks for use by single students to at least adjusting the dimensions of the existing desk design 
to reduce the percentages of mismatch as much as possible.
4. Conclusions
As with the first three grades [2], with the fourth and fifth grades, the evaluation revealed substantial percentages 
of mismatches between desk dimensions and students' anthropometry, especially for seat height, desk height, and 
under desk height.Students are sitting on desks with seats and tables that are too high for them. This could force 
students to sit in awkward and constrained postures, and in the long run this may result in musculoskeletal 
discomfort for the children that might even continue to their adulthood.  
The next phase in the ongoing study is to finish gathering anthropometric data and evaluation for the remaining 
four grades inthe basic education stage.After that,potential improved design alternatives are going tobe proposed and 
evaluated.
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